We present a simple analytical tool, which allows the calculation of the MRI diagnostics feasibility of the biogenic magnetite nanoparticles. Elevated levels of these particles are usually linked to the pathological processes, especially to neurodegenerative disorders. We showed theoretically that the biogenic magnetite itself is not sucient for the non-invasive diagnostics and must be extended with the total iron incorporated in other biological structures.
Introduction
The magnetite nanoparticles are in a wide range of interest of the various biomedical applications due to their unique superparamagnetic properties. However the magnetite nanoparticles were also found in the human brain tissue [1] and their elevated levels are usually connected with the neurodegenerative processes [2] . Magnetic properties of these particles make them visible by the magnetic resonance imaging (MRI) and open the question of possibility to become a biomarker for the non-invasive diagnostics of the neurodegenerative disorders [3] . However, there still remain unresolved questions. The most important is, at what concentration and spatial distribution are these particles able to alter the MRI signal suciently for the detection by the clinical tomographs.
We bring a simple simulation method, which provides the theoretical determination of the biogenic magnetite quantitative imaging feasibility in clinical practice.
Methods
Our simulations are focused only on the nanoparticles in the single domain size range, which were found in the human brain tissue [1] . Magnetic moment of particles is derived from the Cell unit (CU) approach which represents cube model approximation [4] . The nanoparticle magnetic eld was calculated with the use of the analytical expressions for the magnetic eld of a current loop, adjusted to the cube particle [5] :
where µ mag is the particle magnetic moment, µ 0 is the permeability, a is the particle size, and C 
Two approximations have been used during simulations:
(i) we looked at particles as non-interacting (d a, where d is distance between particles), (ii) we counted only excess protons which were aected by the particle magnetic eld B mag in the range B mag ≥ 0.5B 0 .
To determine the possibility of the magnetite nanoparticle quantitative magnetic resonance imaging we have dened the number of the total excess protons in one voxel, which are aected by the condition B ≥ 0.5B 0 :
where K = 5.35×10 22 protons per volume, N mag number of magnetite nanoparticles per volume, N p number of excess protons (N p = 4.94 ppm at B 0 = 1.5 T), and V vox voxel volume.
Results
In Fig.1 in the thin ring around the particle in the xy plane and rapidly fall to a minimum from the distance 1.5a. Figure 2 demonstrates the eective volume V ef f enlargement with the increase of particle size a. The t comparison shows cubic expansion of the V ef f .
The dependence between the number of the eective protons N ef f and the number and size of the magnetite nanoparticles is shown in Fig. 3 . The data were simulated for the voxel size V vox = 1 ml and main eld strength of B 0 = 1.5 T.
Discussion
The simulation has shown that regions eective for the practical applications are located only in the thin ring around the particle, perpendicular to the particle magnetic moment, and in the narrow tube along the orientation of the magnetic moment (Fig. 1) . With the particle size increase the eective volume V ef f expands cubically in simulated range (Fig. 2) . The maximum number of the eective protons in one voxel, which are aected by the nanoparticle magnetic eld is in the order of 10 6 for the condition B ≥ 0.5B 0 (Fig. 3) . In case of 100% B 0 , it is 10 5 , and 10% B aects 10 7 protons. In comparison with the number of the total excess protons in one 
Conclusions
We showed that only specic regions of the magnetite nanoparticle magnetic eld are able to aect the excess protons during the MRI. The volume of the eective region cubically expands with the particle size increase.
The concentration of the biogenic magnetite nanoparticles themselves, according to our simulation, is theoretically not sucient for the desired signal alteration in MRI and must be extended with the total iron incorporated in the other biological structures, as a result of the disrupted iron homeostasis in neurodegenerative processes.
